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Description 

The invention relates to a microwave plasma processing system according to the preamble of claim 1 . 
Such a system is for example described in the European Patent Application 0 382 065. 
5 This system performs a processing such as etching, ashing, or thin film formation in a production of a semiconductor 

device. 

In a plasma processing system, agas discharge is performed in a vacuum vessel under a reduced pressure or a 
low gas pressure by introducing microwaves into the vessel, thereby generating a plasma, and the surface of a substrate 
which is a sample is irradiated with the generated plasma so that a processing such as etching, or thin film formation 
10 is conducted on the substrate. Since such a plasma processing system is essential for the production of a highly 
integrated semiconductor element or the like, research and development thereof are intensively conducted. Particularly 
a microwave plasma processing system in which the generation of a plasma and the acceleration of ions in the gen- 
erated plasma can be controlled independently is desired in the dry etching technique and the burying technique for 
thin film formation. 

IS FIG. 1 shows a conventional microwave plasma processing system proposed by the applicant of the present ap- 

plication in Japanese Patent Application Laid-Open No. 5-144773(1993). The system is aimed at independently con- 
trolling the generation of a plasma and the acceleration of ions in the plasnr^. In the figure, numeral 11 designates a 
reactor which is made of a metal such as aluminum (Al). or a stainless steel. The reactor 11 is airttghtly partitioned by 
a microwave introduction window 14. The window 14 consists of a refractory plate made of a material such as quartz 

20 glass, or AlgOg v^rtnich allows microwaves to be transmitted therethrough, produces a small dielectric loss and has heat 
resistance. 

In the upper portion of the reactor 11 which is partitioned by the microwave introduction window 14, disposed is a 
dielectric passage 17 which opposes the microwave introduction window 14 with a predetermined distance therebe- 
tween and has a size sufficient for covering the microwave introduction window 1 4. The dielectric passage 17 comprises 
25 a dielectric layer 17b which is made of a dielectric material producing a small dielectric loss, such as fluororesin, 
polystyrene, or polyethylene, and a cover 17a which is made of A! or the like and disposed on the upper face of the 
dielectric layer 17b. Microwaves are introduced from a microwave oscillator 19 into the dielectric passage 17 via a 
waveguide 18. 

In the lower portion which is partitioned by the microwave introduction window 14, a reaction chamber 1 3 is formed. 
30 A sample stage 1 5 having a sample holder 1 5a for holding a sample S which is to be processed is disposed inside the 
reaction chamber 1 3. A high frequency power source 15b for generating a bias voltage at the surface of the sample S 
is connected to the sample holder 15a. The sample holder 15a is provided with a suction mechanism for sucking the 
sample S due to an electrostatic chuck, and a cooling mechanism for cooling the sample S due to a circulating coolant 
or the like. 

35 The side wall of the reaction chamber 1 3 has a double-wall structure so that a flow path 1 2 serving as a passage 

for cooling water is formed inside the double-structured side wall. An inlet pipe 12a, and an outlet pipe 12b are com- 
municated with the flow path 12. A gas supply pipe 16b through which gasses required for generating a plasma are 
supplied into the reaction chamber 13 is connected to the upper portion of the side wall. A gas discharge port 16a 
which is connected to an evacuating apparatus and through which the reaction chamber 13 (reactor 11) is evacuated 

40 to attain a vacuum is disposed in the lower wall of the reaction chamber 1 3. 

The reactor 11. the microwave introduction window 14, the sample holder 15a, the dielectric passage 17, and so 
on constitute the microwave plasma processing system 10. The plasma processing area can be varied by changing 
the horizontal section areas of the microwave introduction window 14, and the dielectric passage 17. 

Hereinafter, the case where a processing, for example, an etching is to be conducted on the surface of the sample 

"fs S in the thus configured microwave plasma processing system 10 will be described. 

At first, evacuation is conducted through the gas discharge port 16a to set the interior of the reaction chamber 13 
to have a predetermined pressure, and reactant gasses are then supplied through the gas supply pipe 16b. Cooling 
water is supplied through the cooling water inlet pipe 12a to be circulated in the flow path 12, and then discharged into 
the cooling water outlet pipe 12b. Then the microwave oscillator 19 oscillates microwaves and the generated micro- 

50 waves are introduced into the dielectric passage 17 via the waveguide 18 so that an electric field is generated below 
the dielectric passage 17. The generated electric field is transmitted through the microwave introduction window 14 
so that a plasma is generated in the reaction chamber 13. At the same time, in order to control the anisotropy and the 
acceleration energy o1 ions in the plasma, the high frequency power source 15b applies a high frequency electric field 
to the sample holder 15a on which the sample S is mounted, so that a bias voltage is generated at the surlace of the 

55 sample S. The bias voltage causes the tons to be perpendicularly incident upon the sample S and controls the energy 
of the ions incident upon the sample S, thereby conducting the etch processing or the like on the sample S. 

Although, a system is proposed which is configured so that, in the microwave plasma processing system 10, an 
electrode made of. for example, an A( plate is in contact with the lower face of the microwave introduction window 14, 
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or disposed at a predetermined position at the midpoint between the microwave introduction window 1 4 and the sample 
holder 1 5a (Japanese Patent Application LaidOpen No. 6-1 04098(1 994)). Through holes through which the microwave 
is to be transmitted are formed in the electrode, and the electrode is grounded. The plasma potential generated when 
a high frequency electric field or a DC electric field is applied to the sample holder 15a is stabilized. Therefore, a stable 

5 bias voltage is generated at the surface of the sample S so that the directivity and the acceleration energy of ions in 
the plasma are further optimized. 

Recently, such a method is proposed in which the side wall of the reaction chamber 13 is heated so that reaction 
products or decomposition products (hereinafter, referred to merely as "products") produced by the discharge energy 
of a plasma are suppressed from adhering to the side wall of the reaction chamber 13, thereby increasing the density 

10 of products in the vicinity of the surface of the sample S (Japanese Patent Application Laid-Open No. 4-25631 6( 1 992)). 
According to the method, in a process of etching a silicon oxide (SiOg) film, the SiOg film can be etched away with a 
high selectivity with respect to the ground silicon (poly-Si) film. 

However, the microwave plasma processing system 10 has a problem in that, even when the side wall of the 
reaction chamber 1 3 is heated, products easily adhere the side wail of the reaction chamber 1 3 little by little to form a 

IS deposition film, the deposition film flakes off as particles, and the particles adhere the surface of the sample S. whereby 
the plasma processing is adversely affected. In order to prevent such particles from being produced, the deposition 
film is removed away by cleaning using an oxygen plasma. However, this dry cleaning step requires much labor and 
produces a problem in that the efficiency of the plasma processing is lowered. FurthernrK>re, there is a problem in that, 
when wafers serving as the sample S are successively subjected to a plasma processing one by one, the selectivity 

20 is gradually changed, with the result that it is difficult to always conduct an efficient plasma processing with excellent 
reproducibility. 

The invention has been conducted in order to solve the above-discussed problems. It is the primary object of the 
invention to provide a microwave plasma processing system which is capable of generating a plasma at a high density 
in a reaction chamber set in a relatively low pressure state and is capable of generating a stable bias voltage at the 
25 surface of a sample so that the directivity and the acceleration energy of ions in the plasma are further optimized, as 
well as which is capable of conducting an etch processing on silicon oxide with a high selectivity and of conducting 
continuously an efficient plasma processing on a sample with excellent reproducibility and maintenance for which can 
be attained easily. 

This object is solved by a microwave plasma processing system according to claim 1 . 

30 In a following configuration, even when the temperature of the side wall is controlled, the temperature of the re- 

flecting plate is hardly controlled. The configuration is: a reflecting plate aimed at increasing the energy efficiency even 
under a low pressure is directly supported at the inner peripheral portion by a sample stage, and the outer peripheral 
portion of the reflecting plate is not directly connected to the side wall of a reactor to form a gap therebetween. In the 
configuration the heat conduction is blocked by the gap. 

35 According to the microwave plasma processing system of the invention, the reflecting plate enables a plasma to 

be generated at a high density in a reaction chamber set to be under a relatively low pressure, and the heating means 
heats and keeps the adhesion preventing member to have a predetermined temperature via a wail. Therefore, adhesion 
of products to the adhesion preventing member can be reduced. As a result, the density of products distributed in the 
vicinity of the surface of the sample can be increased and products can be maintained at a high density state. Therefore, 

40 a silicon oxide film can be etched away with a higher selectivity with respect to the ground silicon film, and an efficient 
plasma processing can be conducted on the sample continuously and with excellent reproducibility The adhesion 
preventing member can prevent products from directly adhering to the wall of the reactor, and the adhesion preventing 
member which is currently used and on which a deposition film of products is formed can be replaced with another 
adhesion preventing member which has been cleaned, whereby the interior of the reaction chamber can easily be 

45 cleaned. Consequently, the availability factor of the system can be increased, and particles can be prevented from 
being produced. 

The microwave plasma processing system according to the invention is characterized in that aforementioned the 
adhesion preventing member is disposed in contact with the microwave introduction window and is formed integrally 
with a conductor through holes. The adhesion preventing member may be disposed at the midpoint between the mi- 

so crowave introduction window and the sample holder. 

According to the microwave plasma processing system, the reflecting plate enables a plasma to be generated at 
a high density in a reaction chamber set to be under a relatively low pressure. Since the conductor can generate a 
stable bias voltage at the surface of a sample, the directivity and the acceleration energy of ions in the plasma can be 
further optimized. Since the heating means can heat and keep the adhesion preventing member to have a predeter- 

55 mined temperature via a wall, adhesion of products to the adhesion preventing member can be reduced. As a result, 
the density of products distributed in the vicinity of the surface of the sample can be further increased and products 
can be kept at a high density state. Therefore, an Si02 film can be etched away with a higher selectivity with respect 
to the ground poty-Si film, and an efficient plasma processing can be conducted on the sample continuously and with 
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excetlent reproducibility. The adhesion preventing member can prevent products from directly adhering to the wail of 
the reactor and a face of the microwave introduction window, and the adhesion preventing member which is currently 
used and on which a deposition film of products is formed can be replaced with another adhesion preventing member 
which has been cleaned, whereby the interior of the reaction chamber can be cleaned easily and surely Consequently. 
5 the availability factor of the system can be further increased, and particles can be further prevented from being pro- 
duced. 

The above and further objects and features of the invention will more fully be apparent from the following detailed 
description with accompanying drawings. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic section view showing a conventional microwave plasma processing system; 
FIG. 2 is a schematic section view showing a microwave plasma processing system of Embodiment 1 ; 
FIG. 3 is a schematic section view showing a microwave plasma processing system used a comparison example; 
15 FIG. 4 is a graph showing relationships between the oil temperature and the deposition rate in the system of the 

invention and that of the comparison example; 

FIG. 5 is a graph showing relationships between the oil temperature and the etch selectivity in the system of the 
invention and that of the comparison example; 

FIG. 6A is an explanatory diagram showing an etching result according to the system of the invention; 
20 FIG. 6B is an explanatory diagram showing an etching result according to the system of the comparison example; 

FIG. 7 is a graph showing relationships between the number of processed wafers and the relative etch rate in the 
system of the invention and that of the comparison example; and 

FIG. 8 is a schematic section view showing a microwave plasma processing system of Embodiment 2. 
2S DESCRIPTION OF THE PREFERRED EMBODIh/IENTS ^ 

Hereinafter, the invention will be described in detail with reference to the drawings showing its embodiments. 
Embodiment 1 

30 

FIG. 2 is a section view schematically showing a microwave plasma processing system of Embodiment 1 . In the 
figure, numeral 11 designates a reactor having a hollow cylindrical shape. The reactor 11 is made of a metat such as 
aluminum, or a stainless steel. The reactor 11 is airtightly partitioned by a microwave introduction window 14. The 
window 14 consists of a refractory plate made of a material such as quartz glass, or AtaOg wrtiich allows microwaves 

35 to be transmitted therethrough, produces a small dielectric loss and has heat resistance. 

In the upper portion of the reactor 11 which is partitioned by the microwave introduction window 14. disposed is a 
dielectric passage 17 which opposes the microwave introduction window 14 with a predetermined distance therebe- 
tween and has a size sufficient for covering the microwave introduction window 1 4. The dielectric passage 1 7 comprises 
a dielectric layer 17b which is made of a dielectric material producing a small dielectric loss, such as fluororesin, 

40 polystyrene, or polyethylene, and a cover 17a which is made of At or the like and disposed on the upper face of the 
dielectric layer 17b. Microwaves are introduced from a microwave oscillator 19 into the dielectric passage 17 via a 
waveguide 18. 

In the lower portion which is partitioned by the microwave introduction window 1 4, a reaction chamber 1 3 is formed. 
A sample stage 1 5 having a sample holder 1 5a for holding a sample S which is to be processed is disposed inside the 
45 reaction chamber 1 3. A high frequency power source 1 5b for generating a bias voltage at the surface of the sample S 
is connected to the sample holder 1 5a. The sample holder 1 5a is provided with a suction mechanism for sucking the 
sample S such as an electrostatic chuck and a cooling mechanism for cooling the sample S which uses a circulating 
coolant or the like. 

The side wall of the reaction chamber 1 3 has a double-wall structure so that a flow path 1 2 serving as a passage 
so for a heating medium is formed inside the double-structured side wall. An inlet pipe 1 2a and an outlet pipe 1 2b for the 
heating medium are connected to the lower and upper portions of the flow path 12, respectively The inlet pipe 12a 
and the outlet pipe 12b are connected to a feed pump 21a, a temperature controller 21b, and a heating medium tank 
21c. The flow path 12, the feed pump 2la, the temperature controller 21b. the heating medium tank 21c, and so on 
constitute a heating means 21. The heating medium set to have a predetermined temperature by the temperature 
55 controller 21 b is circulated in the flow path 1 2 at a given flow rate. A gas supply pipe 1 6b through which gasses required 
for generating a plasma are supplied into the reaction chamber 13 is connected to the upper portion of the side wall. 
A gas discharge port 16a which is connected to an evacuating apparatus and through which the reaction chamber 13 
is evacuated to attain a vacuum is disposed in the lower wall of the reaction chamber 13 (the reactor 11). 
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A cylinder 23 which covers Ihe side wall 11a of the reactor 11 is disposed inside the reaction chamber 13 so as to 
be in close proximity to the side wall 11a. The cylinder 23 is made o(, for example. Al and has a substantially cylindrical 
shape. A reflecting plate 24 is disposed at a position which is in the periphery o1 the sample holder 15a and opposes 
the microwave introduction window 14. The reflecting plate 24 is made of, for example. Al and has a substantiatty ring- 

5 like planar shape. A plurality of gas discharge holes 24a having a predetermined size are formed in the reflecting plate 
24. The outer peripheral portion 24b of the reflecting plate 24 is connected to a predetermined position of the inner 
wall face of the cylinder 23. The cylinder 23. and the reflecting plate 24 constitute an adhesion preventing member 22. 
The heating means 21 heats the side wall 11a so that the cylinder 23 and the reflecting plate 24 are healed and kept 
to have a predetermined temperature. The heating means is not restricted to the heating means 21 using the heating 

10 medium, and may be configured so that a heater or the like directly heals the side wall 11 a. 

An electrode 25 which has a plurality of through holes 25a and is made of. for example, an Al plate is disposed in 
contact with the lower face of the microwave introduction window 14. The lower face of the electrode 25 and the upper 
end portion of the adhesion preventing member 22 are not connected to each other, and a gap is formed therebetween. 
The outer peripheral portion of the electrode 25 is supported by the upper portion of the reactor 11, and the electrode 

IS 25 is grounded via the reactor 11 (as indicated by 25b). The reactor 11, the microwave introduction window 14. the 
heating means 21. the adhesion preventing member 22, the electrode 25, and so on constitute a microwave plasma 
processing system 20. 

In the thus configured microwave plasma processing system 20, lor example, a process of etching the surface of 
the sample S mounted on the sample holder 1 5a is conducted in the following manner. At first, evacuation is conducted 

20 through the gas discharge port 1 6a. Desired reactant gasses are then introduced into the reaction chamber 1 3 via the 
gas supply pipe 16b and the interior of the reaction chamber 1 3 is set to have a desired pressure. The heating medium 
set to the predetermined temperature is circulated in the flow path 12, whereby the adhesion preventing member 22 
is heated and kept to the predetermined temperature via the side wall 11a. Then the microwave oscillator 19 oscillates 
\ microwaves and the generated microwaves are introduced into the dielectric passage 1 7 via the waveguide 1 8 so that 

25 an electric field is generated below the dielectric passage 17. The generated electric fiekJ is transnrfttted through the 
microwave introduction window 14 and passes through the through holes 25a of the electrode 25, to be supplied into 
the reaction chamber 1 3 so that a plasma is generated in the chamber 1 3. At the same time, the high frequency power 
source 19 or a DC power source applies a high frequency electric field or a DC electric field to the sample holder 15a 
so that a bias voltage is generated at the sample S. The etch processing is conducted by irradiating the surface of the 

so sample S with the plasma while controlling the directivity and the acceleration energy of ions in the plasma by the bias 
voltage. 

When a deposition film is formed on the adhesion preventing member 22, the member 22 is replaced with another 
adhesion preventing member 22 and the plasma processing step is immediately executed. The used adhesion pre- 
venting member 22 is subjected to a wet cleaning step which is conducted as another step, thereby rennoving the 
35 deposition film. 

Hereinafter, results of processes of conducting a plasma processing on the sample S by using the microwave 
plasma processing system 20 will be described. The process conditions were as follows: 



Flow rates of reactant gasses 










35 seem 




CHF3 


35 seem 


Pressure 




2.7x103 Pa (20 mTorr). 


Microwaves 








Frequency 


2.45 GHz 




Power 


1.300 W 


Heating medium 








Kind 


Oil 




Temperature 


40 to 200 °C 



FIG. 3 is a schematic section view showing a system used for a comparison example. In the figure, reference 
symbol 15a designates a sample holder A reflecting plate 44 is disposed at a position which is in the periphery of the 
sample holder 1 5a and opposes the microwave introduction window 1 4. The inner peripheral portion 44b of the reflecting 
plate 44 is directly supported by an upper outer portion of the sample stage 15. The outer peripheral portion 44c of the 
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reflecting plate 44 is not connected to the side wall 11a. and a gap 44d Is formed therebetween. The reflecting plale 
44 is made of. for example, Al and has a substantially ring-like planar shape. A plurality of gas discharge holes 44a 
having a predetermined size are formed in the reflecting plate 44. The other components are configured in the same 
manner as those of the system shown in FIG. 2 except that the cylinder 23 is not disposed. The reactor 11 , the microwave 

5 introduction window 14. the heating means 21 . the reflecting plate 44, the electrode 25. etc. constitute the system used 
for the comparison example. 

FIG. 4 is a graph showing results of investigation on relationships between the deposition rate of a product film 
formed at various portions inside the systems and the temperature of the heating medium, when the reactant gasses 
were caused to be discharged by using only microwaves. The tine A indicates the case where the system of Embodiment 

10 1 was used, and the line B the case where the system of the comparison example was used. The numerals 1 , 2, and 
3 affixed to the lines indicate measuring positions, i.e., the sample S, the cylinder 23 or the side wall 11a, and the 
reflecting plate 24 or 44. respectively. 

As seen from FIG. 4. in the case where the system of the comparison example was used, the deposition rate at 
the side wall 11a is gradually reduced (B-2) as the temperature of the heating medium is raised, and the deposition 

IS rates at the reflecting plate 44 and the sample S are gradually increased (B-1 and B-3). By contrast, in the case where 
the system of Embodiment 1 was used, the deposition rates at the cylinder 23 and the reflecting plate 24 are gradually 
reduced (A-2 and A-3) as the temperature of the heating medium is raised, and the deposition rate at the sample S is 
gradually increased (A-1). Moreover, the deposition rate at the sample S in the case where the system of Embodiment 
1 was used (A-1 ) is considerably greater than that in the case where the system of the comparison example was used 

20 (B-1). In other words, when the side wall 11a is heated to a predetermined temperature by the heating medium, it is 
difficult for products to deposit on the side wall 11a or the cylinder 23 so that the density of products in the reaction 
chamber 1 3 is raised. In case of the system of the comparison example, however, the heat conduction to the reflecting 
plate 44 is so slow that the reflecting plate 44 is hardly set to be at a predetermined temperature. Consequently, products 
easily deposit on the reflecting plate 44. with the result that the density o! products in the vicinity of the surface of the 

25 sample S is relatively low. By contrast, in case of the system of Embodiment 1, the heat conductiori*(to the reflecting 
plate 24 is so rapid that the reflecting plate 24 is easily set to a predetermined temperature. Consequently, products 
hardly deposit on the reflecting plate 24, with the result that the density of products in the vicinity of the surface of the 
sample S is relatively high. 

Etch processings were conducted on a silicon oxide (SIO2) film and a polycrystalline silicon (poly-Si) film formed 
30 on a 6-inch Si wafer serving as the sample S under the conditions listed above while applying a high frequency electric 
power (800 W) of a frequency of 400 kHz to the sample holder 15a. Next, results of investigation on relationships 
between the temperature of the heating medium and the etch selectivity (the ratio of the etch rate of the Sip2 film to 
that of the poly-Si film) obtained from the etch rates of the SiOa film and the poly-Si film will be described. 

FIG. 5 is a graph showing results of investigation on the influence of the temperature of the heating medium on 
35 the etch selectivity. In the figure, reference symbol A indicates the case where the system of Embodiment 1 was used, 
and symbol B indicates the case wUere the system of the comparison example was used. As seen from FIG. 5. as the 
heating of the side wait 11a by means of the heating medium (oil) proceeds, the etch selectivity is increased. At all 
temperatures, the etch selectivity attained by the system of Embodiment 1 in which the adhesion preventing member 
22 is disposed is higher than that attained by the system of the comparison example. 
40 Next, results of processings will be described in which 100-% overetching that is more intensive than 50-% over- 

etching conducted in a usual processing was conducted under the above-listed conditions on the sample S wherein 
an SiOg film is formed on a poly-Si film and further a photoresist film having a hole pattern of a diameter of about 2 \i 
m is formed on the Si02 film. 

FIGS. 6A and 6B are diagrams which are roughly drawn to show a section in the vicinity of the surface of the etch- 
es processed sample S under a SEM (Scanning Electron Microscope). FIG. 6A indicates the case where the system of 
Embodiment 1 was used, and FIG. 6B indicates the case where the system of the comparison example was used. In 
the sample S. an SiOa film 26c is formed on a poly-Si film 26d. and a photoresist film 26b having the above-mentioned 
hole pattern is formed on the SiOa film 26c. In the figures, numeral 26a designates the surface of the sample S. An 
etch processing was conducted on the sample S to form a hole 26e. As seen from FIGS. 6A and 6B, in case of the 
50 system of the comparison example, the ground poly-Si film 26d was etched away by a depth d (FIG. SB), and, in case 
of the system of Embodiment 1 . etching was stopped approximately at the interface between the poly-Si film 26d and 
the SiOg film 26c (FIG. 6A). 

Wafers serving as the sample S were successively subjected to an etch processing one by one under the conditions 
listed at>ove. Results of investigations on the etch rate of each of the wafers will be described. 
55 FIG. 7 is a graph in which ratios (relative etch rates) of the etch rates of the second, third. wafers to the etch 

rate of the first wafer are plotted. In the figure, symbol A indicates the case where the system of Embodiment 1 was 
used, and symbol B indicates the case where the system of the comparison example was used. As seen from FIG. 7, 
in case of the system of the comparison example, when the processing is continuously conducted, the etch rates of 
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the second, third. — wafers were gradually reduced as compared with the etch rate of the first wafer, and the etch 
processing on the 20lh and subsequent wafers did not substantially proceed. By contrast, in case of the systenn of 
Embodiment 1. although the etch rates of the second, third. — wafers were gradually reduced as compared with the 
etch rate of the first wafer, the etch processing on an about 20th and subsequent wafers was stably conducted at an 
etch rale which is about 80 % of the etch rale for the first wafer 

As apparent from the results and description abowe, in the microwave plasma processing system related to Em- 
bodiment 1 , the reflecting plate 24 enables a plasma to be generated at a high density in the reaction chamber 1 3 set 
to be under a relatively low pressure, and the heating means 21 can heat and keep the adhesion preventing member 
22 to be a predetermined temperature via the side wall 11a. Therefore, adhesion of products to the adhesion preventing 
member 22 can be reduced. As a result, the density of products distributed in the vicinity of the surface of the sample 
S can be increased and the products can be kept at a high density stale. Therefore, an SiOg film can be etched away 
with a higher selectivity with respect to the ground po!y-Si film, and an efficient plasma processing can be conducted 
on the sample S continuously and with excellent reproducibility. The adhesion preventing member 22 can prevent 
products from directly adhering to the side wall 11a of the reactor 11 , and the adhesion preventing member 22 which 
is currently used and on which a deposition film of products is formed can be replaced with another adhesion preventing 
member which has been cleaned, whereby the interior of the reaction chamber 1 3 can easily be cleaned. Consequently, 
the availability factor of the system can be increased as well as particles can be prevented from being produced. 
Furthermore, the electrode 25 can generate a stable bias voltage at the surface of the sample S. Therefore, the direc- 
tivity and the acceleration energy of ions in the plasma can be further optimized. 

Embodiment 2 

FiG. 8 is a section view schematically showing a microwave plasma processing system of Embodiment 2. In the 
figure, numerals 23 and 24 designate a cylinder, and a reflecting plate which are structured in the same manner as 
those shown in FIG. 2, respectively. An electrode 35 which has a plurality of through holes 35a arid is made of, for 
example, an Al plate is disposed on the cylinder 23 so as to be contact with the lower face of the microwave introduction 
window 14. The electrode 35 is grounded (25b) via the reactor 11. The outer peripheral portion 24b of the reflecting 
plate 24 is connected to a predetermined position of the inner wall face of the cylinder 23, and the upper end portion 
of the cylinder 23 is connected to the lower face of the outer peripheral portion of the electrode 35. The cylinder 23. 
the reflecting plate 24, and the electrode 35 are integrated Into one body, thereby constituting an adhesion preventing 
member 32. The heating means 21 heats the side wall 11a so that the cylinder 23. the reflecting plate 24, and the 
electrode 35 are heated and kept to have a predetermined temperature. The other components are configured in the 
same manner as those of the system shown in FIG. 2. The reactor 11. the microwave introduction window 14, the 
heating means 21, the adhesion preventing member 32. the electrode 35, and so on constitute a microwave plasma 
processing system 30. 

As apparent from the above description, in the microwave plasma processing system 30 of Embodiment 2, the 
reflecting plate 24 enables a plasma to be generated at a high density in the reaction chamber 13 set to be under a 
relatively low pressure. Furthermore, since the electrode 35 can generate a stable bias voltage at the surface of the 
sample S, the directivity and the acceleration energy of ions in the plasma can be further optimized. Since the heating 
means 21 can heat and keep the adhesion preventing member 22 to have a predetermined temperature via the side 
wall 11 a, adhesion of products to the adhesion preventing member 32 can be reduced. As a result, the density of 
products distributed in the vicinity of the surface of the sample S can be further increased as well as products can be 
kept at a high density state. Therefore, a silicon oxide film can be etched away with a higher selectivity with respect to 
the ground silicon film, as well as an efficient plasma processing can be conducted on the sample S continuously and 
with excellent reproducibility. The adhesion preventing member 32 can prevent products from directly adhering to the 
side wall 11a of the reactor 11 , and the lower face of the microwave introduction window 14. The adhesion preventing 
member 32 which is currently used and on which a deposition film of products is formed can be replaced with another 
adhesion preventing member which has been cleaned, whereby the interior of the reaction chamber 1 3 can be cleaned 
easily and surely. Consequently, the availability factor of the system can be increased, and particles can be prevented 
from being produced. 

In the above, the embodiments in which the electrode 25 or 35 is disposed in contact with the lower face of the 
microwave introduction window 14 have been described. The electrode 25 or 35 may be disposed at the midpoint 
between the microwave introduction window 14 and the sample holder 15a. 

In the systems of the embodiments, the material of the adhesion preventing member 22 or 32 is Al. The adhesion 
preventing member may be made of any material other than Al as far as the material is electrically conductive and 
excellent in heat conductivity. 
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Claims 



1 . A microwave plasma processing system wherein a microwave generated by a microwave oscillator (1 9) is guided 
to a dielectric passage (17) in a reactor (11) via a waveguide (18). Ihe microwave passing through microwave 

5 introduction window (14) is introduced to a reaction chamber (13) to which a reaclanl gas is to be supplied, and a 

sample (S) held on a sample holder (15a) to which a bias voltage is to be supplied is processed, comprising: 

a reflecting plate (24) perpendicularly projecting from an inner side face of a cylinder (23) toward a periphery 
of said sample holder (15a) in a manner that said reflecting plate (24) opposes said microwave introduction 
10 window (14), and said reflecting plate having a gas discharge hole (24a), 

characterized by, 

means (21 ) for controlling a wall temperature of said reaction chamber (13); and said 
IS an adhesion preventing member (22 or 32) in which said cylinder (23) disposed in contact with an inner face 

of the wall of said reaction chamber (1 3), and said microwave reflecting plate (24), both being integrally formed. 

2. A microwave plasma processing system according to claim 1 , wherein said apparatus further comprises a con- 
ductor (25) which is disposed between said microwave introduction window (14) and said sample holder (15a), 

20 and which has microwave transmission holes (25a). 

3. A microwave plasma processing system according to claim 1 , wherein said adhesion preventing member (32) 
integrally comprises a conductor (35) which is disposed in contact with said microwave introduction window (14), 
and which has microwave transmission holes (35a). 

25 t 

4. A microwave plasma processing system according to claim 1, wherein said adhesion preventing member (32) 
integrally comprises a conductor (35) which is disposed at the midpoint between said microwave introduction 
window (14) and said sample holder (15a), and has microwave transmission holes (35a). 



Patentanspruche 



1. Mikrowellenplasma-Bearbeitungssystem. bei dem eine von einem Mikrowellenoszillator (19) erzeugte MIkrowelle 
Ober einen Wellenleiter (18) einem dielektrischen Durchgang (17) in einem Reaktor (11) zugefuhrt wird, wobei die 

35 durch ein Mikrowelleneinleitungsfenster (14) gehende MIkrowelle in eine Reaktionskammer (1 3) eingeleitet wird. 

in die ein Reaktionsgas eingeleitet werden soil, und in der eine Probe (S), die auf einem mit einer \forspannung 
beaufschlagten Probenhalter (15a) gehalten ist. bearbeitet wird, mit: 

einer refleklierenden Platte (24), die senkrecht von einer Innenseltenflache eines Zylinders (23) in Richtung 
40 auf den Umfangsrand des Probenhatlers (15a) derart vorspringt, da8 die reflektierende Platte (24) dem Mi- 

krowelleneinleitungsfenster (14) gegenuberliegt, und wobei die reflektierende Platte ein GasauslaBloch (24a) 
aufweist. 

gekennzeichnet durch 

45 

eine Einrichtung (21) zum Regein der Wandtemperatur der Reaktionskammer (13); und 

einem Anhaftverhinderungselement (22 oder 23), bei dem der in Kontakt mit einer Innenflache der Wand der 
Reaktionskammer (13) angeordnete Zyltnder (23) und die Mikrowellen reflektierende Platte (24) einstuckig 
so ausgebildet sind. 

2. Mikrowellenplasma-Bearbeitungssystem nach Anspruch 1, bei dem die Vorrtchtung ferner einen Leiter (25) auf- 
weist, der zwischen dem Mikrowelleneinleitungsfenster (14) und dem Probenhalter (15a) angeordnet ist und Mi- 
krowellendurchlaRoffnungen (25a) aufweist. 

55 

3. Mikrowetlenplasma-Bearbeitungssystem nach Anspruch 1 , bei dem das Haftverhinderungselement (32) einstuckig 
einen Leiter (35) aufweist. der in Kontakt mit dem Mikrowelleneinleitungsfenster (14) angeordnet ist, und Mikro- 
wellendurchla36ffnungen aufweist (35a). 
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4. Mikrowellenplasma-Bearbeitungssystem nach Anspruch 1 , bei dem das Hatlverhinderungselement (32) einstuckig 
einen Leiter (35) aufweisl, der in der Mitte zwischen dem Mikrowelleneinleitungsf enster (1 4) und dem Probenhalter 
(15a) angeordnet ist, und MikrowellendurchlaBoffnungen (35a) aufweist, 

5 

Revendications 

1 . Systeme de traitement par plasma g6n6r6 par microondes dans lequel des micro-ondes g6n6r6es par un oscilla- 
teur hyperfr6quence (19) sont guid6es vers un passage di6!ectrique (17) dans un rdacteur (11 ) via un guide d'onde 

10 ( 1 8), les micro-ondes traversant une f enelre d'introduction des micro-ondes (14) sont introduites dans une chambre 

de reaction (13) qui est aliment6e en r6actant gazeux, et dans lequel est trait6 un 6chantillon (S), maintenu sur 
un support d'6chantilIon (15a) auquel une tension de polarisation doit §lre d6Iivr6e, comprenant : 

une plaque r6(l6chissante (24) s'§tendant perpendiculairement depuis une face Iat6rale int6rieure d'un cyltndre 
IS (23) vers une zone p6riph6rique dudit support d'6chantiIlon (1 5a) de fa?on ^ ce que ladtte plaque r61l6chissante 

(24) soil oppos6e k ladlte fenfetre d'introduction des micro-ondes (14), et ladite plaque r6fl§chissante compor- 
tant un trou d'6vacuatton des gaz (24a), 

caract6ris6 par 

20 

un moyen (21) pour commander une temperature de parol de ladite chambre de reaction (13) ; 
et un 6I6ment empdchant I'adhSrence (22 ou 32) en lequel sont int6gralement form6s ^ la fois ledit cylindre 
(23) plac6 au contact d'une face int6rieure de la parol de ladite chambre de reaction (1 3), et ladite plaque (24) 
r6fl6chissant les micro-ondes. 

25 

2. Systeme de traitement par plasma g6n6r6 par micro-ondes selon la revendication 1, dans lequel ledit appareil 
comprend en outre un 6l6ment conducteur (25) qui est plac6 entre ladite fenetre d'introduction des micro-ondes 
(14) et ledit support d'§chantillon (15a). et qui comporte des trous de transmission des micro-ondes (25a). 

30 3. Systeme de traitement par plasma g6n6r6 par micro-ondes selon la revendication 1, dans lequel ledit 6I6ment 
empechant I'adhdrence (32) comprend solidairement un 6l6ment conducteur (35) qui est plac6 au contact de ladite 
fenetre d'introduction des micro-ondes (14). et qui comporte des trous de transmission des micro-ondes (35a)- 

4. Systeme de traitement par plasma g6n6r6 par micro-ondes selon la revendication 1 , dans lequel ledit 6l6ment 
35 empechant I'adh6rence (32) comprend solidairement un 6l6ment conducteur (35) qui est plac6 au point median 

entre ladite fenetre d'introduction des micro-ondes (14) et ledit support d'6chantillon (15a), et qui comporte des 
trous de transmission des micro-ondes (35a). 
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